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SUMMARY 

Rocket-powered  models  were  flown  at  transonic  speeds  to  determine 
the  effect  of  the  wing-thickness-ratio  variation on the  zero-lift  drag 
coefficient  of a conventional  sweptback  plan-form  wing  and  a  composite 
plan-form wing,  derived  from  the  conventional  wing,  mounted  on  a  fuse- 
lage  of  fineness  ratio 10. The  conventional  plan-form  wing  had  a  sweep- 
back  angle  of 450 along  the  quarter-chord  line, an aspect  ratio of 6.0, 
and  a  taper  ratio of 0.6. Three  conventional  plan-form  wings  were  tested 
having  thickness  ratios of 9 percent, 6 percent,  and  a  linear  taper  in 
thickness  from 9 percent  at  the  fuselage  center  line  to 3 percent at the 
wing  tip. 

Three  composite  plan-form  wings  of  aspect  ratio 4.06 having a taper 
ratio  of 0.7 for  the  outer  panel  and 0.3 for  the  inner  panel  were  tested. 

The  wing-plus-interference  pressure-drag  coefficient of both  plan 
forms investigated  varied  approximately  linearly with the  square of the 
mean  thickness  ratio  (based on the  root-mean-squsre  thickness  ratios of 
the  conventional  wings)  at low supersonic  Mach  numbers  and for the  lower 
thickness  ratios on the  order  of 6 percent. 

The  total  drag  of  the  configuration  having  the  9-percent-thick 
conventional  plan-form  wing  was  reduced  by modifying the  plan  form  to 
that of the  composite  wing for Mach  numbers  above 1.07. A small increase 
in  the  total drag was  observed  when  the  same  plan-form  modification  was 
applied  to  the  configurations  havfng  the  6-percent-thick  wings and the 
tapered 9- to  3-percent-thfck  wings. 

The  experimental  parameter f o r  the  pressure-drag  thickness  ratio 
of  a  wing  with  interference  for  the  conventional  plan-form  wing shared 
good agreement  with a theoretical  first-order  approximation,  calculated 
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by means of a generalization of the  linear source-sink solution for 
sweptback  tapered  wings, in a range of Mach numbers from 1.0 to 1.3. 
Between  Mach  numbers  of 1.3 end 1.4, the theory rapidly diverged from the 
experimental values. More experimentation I s  r e q u i r e d  to  eubstantiate 
the  theory. 

As part of a general  transonic research program of the National 
Advisory  Committee for Aeronautics to determine the aerodynamic proper- 
ties of promising  aircraft  configurations,  rocket-propelled models were 
tested  in  free  flight to detennine  the  effect of variations  in thickness 
ratio and plan-form  modification on zero-lift drag for.8 sueptbsck ulng. 

The  original  wing,  called  the  conventional. plsn-form wing, had a 
sdeepback  angle of 450 along  the  qu&rter-choml line, an aspect  ratio of 
6.0, a taper  ratio of 0.6, and  the HACA 65~-sertes airfoil  section In 
the  free-stream.direction. The three  airfoil thiclmess rstios that were 
t e s ted  were 9 percent, 6 percent,  and a taper in thickness fro= 9 percent 
at  the  fuselage  center line to 3 percent at-the wing t ip .  

In an attempt to improve  the  conventional  plan-form wing structurslly 
for  transonic and supersonic  flight,  the  conventional  plan-form  wing nem 
modified  inboard of the  40-percent-semispan  station resulting In a lover 
aspect  ratio  and more taper  for  the mmlifled wfng. The inboard panel of 
the modified  wing,  called the composite plan-fom w i n g  for convenience, 
was formed by shearing  back  that  portion of the airfoil to  the rear of 
the  maximum  thickness  and  inboard of  the  40-percent-semispan  station, 
maintaining  the  leading- and trailing-edge ordinates, and f i l l i n g  the 
triangular  space thus formed with flat  sections. The three composite 
plan-form wings which  were  tested  had  thickness  di6tributiOnB corre- 
sponding  to  the  conventional  plan-form w i n g s .  

LI 

! 

Flight  tests  covered  a-continuous Mach number range from 0.8 to 
1.4. The  Reynolds  number,  based on the mean aercdymmlc chord of the 
conventional  wing,  varied from approximately 3.9 X 106 to 8 . 3  X 106 I 

throughout the test rmge. 
! 
! 

b wing sp.an, in:. 

d r a g  coefficient  of total'configuratim baeed  on & 
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drag  coefficient  of  wing-plus-interference  based on 

wing  pressure  drag 

Mach number 

Reynolds number based on mean aerodynamic chord of 
conventional plan-form wing 

exposed  wing  plan-form mea, sq ft  

total wing  plan-form area, sq f t  

spanwise  station, i n .  

local  wing  thickness,   in.  

l o c a l  wing  chord at spanwise  station Y, in .  

=0 exposed  wing  root,  in. 

( 7 5  root-mean-square  thickness  ratio 

(5) = 

fuselage  radius ,  i n .  

wing o r  body s t a t ion ,   i n .  

wing ordinate ,  i n .  

MODELS 

The  two wing plan forms tested i n  the   p resent   inves t iga t ion  were a 
conventional 450 sweptback  wing and a composite  plan-form  wing. The 
wings were mounted on a fuselage of  f ineness   r a t i c  10 so that the  leading 
edges of t he  wings in te rsec ted   the   fuse lage   sur face  a t  i t s  maximum diam- 
eter.  The fuselage coordinates are given i n  table I .  For  convenience, 

' t h e  models are listed as t h e   f o l l m i n g :  



I Model 

Conventional 
B plan-form 
C Y ings 

I," - I plan-form 
composite 

I "  J wings 

percent 

I 
i T i p  Root 
I 

9 

6 6 6 

9 9 
~9 6.66 3 

9 

6 6 6 

9 9 
~9 6.66 3 

I 
, 9  

surfaces  
pressure drag 6 6 1 6  
thickness of 3 9 

9 Assumed e f fec t ive  9 

I 

The conventfonal  sweptbsck wings ( f ig s .  1( a) 8nd 2(a)) had a 
sweepback angle of 45O along  the  quarter-chord l ine,  a taper r a t i o  
of 0.6, an aspect  ratio of 6.0, and HACA 6y-series afrf'oils in the 
free-stream  direction. The thickness ratios tested were 9 percent for 
model A, a t ape r  i n  thickness *om 9. percept st the fimelage center  
line t o  3 percent a t  the wfng t i p  fo r  model B# and 6 percent for 
model C .  The coordinates of t he  fiw-series sec t ions  used-. given 
in tables 11, 111, and IV. 

The three  composite plan-formving models shown In figures l (b )  
and 2(b) .were derived from the prevfously described conventional plan- 
form wing models by shearing back that  portion of the a i r f o i l  to the 
rear of the maximum thicknew3 and inboard of the b-percent-Bemispfm 
statfon,  maintainfng the leading- and tmiling-&Qe qrd5lllste~ of the 
63A-serfes airfoils, and filling the triangular space thus f o m d  with 
f la t  eecticns. Model D vas derived frm =del A, rpodrel E f rom model B, 
and model F from model C. The total  frontal ares of .each convention81 
plan-form vfng and the  corresponding  compoaib plan-farm wing YBB the 
same since the mriximum wing thickness was not changed by the naodifica- 
t ion .  The composite  plan-form vfngs had an aspect ratio of 4.06 based 
on the t o t s 1  w i n g  area and a taper ratfo varyfng frcaa gppr0rimatel.y 0.7 
fo r  the   ou ter  w i n g  panel t o  0 . 3  for the Inner panel. 

h 

The models vere constructed of mahoe~any. with O.O>inch-thlck steel 
in lays  in the w-e. The models vere etsbi l ized In flight by the svept- 
back wing fn the wing plane and by two flat-plate f-6 in the plane 
perpendicular to the wbg. 

. 

" 
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TESTS MEASUREMENTS 

5 

The models were tested a t  the  Langley P i lo t l e s s   A i rc ra f t   Resea rch  
S ta t ion  a t  Wallops Island, V a .  Each model was propelled  by a two-stage 
rocket  system  and  launched  from a rail launcher. The f i r s t   s t a g e   o r  
bo9ster  consisted  of a 5- inch,   l ightweight ,   h ig3-veloci ty   a i rcraf t  
rocket  motor  that  served t o   a c c e l e r a t e  the model  from ze ro   ve loc i ty   t o  
high  subsonic  speeds.  After drag separat ion of the   boos te r  and model, 
a 3.25-inch Mk 7 rocket  motor, which w a s  i n s t a l l e d  Fn the   fuselage,  
acce le ra ted   the  model t o  supersonic  speeds.  Trscking  instrumentation, 
consis t ing  of  a CW Doppler  velocimeter radar set  and ~ I I  NACA modified 
SCR 584 t racking radar un i t ,  w a s  used to determine  the  deceleration and 
t r a j e c t o r y  of  t he  model du r ing   coas t ing   f l i gh t .  A survey of atmospheric 
conditions a t  the time of each  launching was mafie through  radiosonde 
measurements  from an ascending  balloon. 

The Reynolds number of the  tests, based on the  mean aerodynamic 
chord  of  the  conventional plan-form wing, varied from 3.7 X 106 a t  
M = 0.8 to 8.3 x 106 at  M = 1.40. (See  f ig .  3.) 

Values   o f   the   to ta l   d rag   coef f ic ien t  were Calculated as i n  refer- 
ence 1. The va r i a t ions  of  wing-plus-interference drag coe f f i c i en t ,  
based on  exposed  wing area, were obtained by subt rac t ing  the  drag coef- 
f i c i e n t  of the body and two f i n s  (ref. 2) from t h e   t o t a l   d r a g   c o e f f i c i e n t s  
of the wing-body-fin  configurations tested, o r  

c&l = (c%ing+body+2 f i n s  - cDb0dy+2 fins) m h e  

where C&ing+body+2 f i n s  and CDbody+2 f i n s  are based On 

The wing-plus-interference  pressure drag was obtained by subt rac t ing  
an average   f r ic t ion   d rag   coef f ic ien t  of 0.004 from t h e   t o t a l  wing  drag. 

The magnitude  of t h e  error i n   t o t a l  drag coe f f i c i en t  was es tab l i shed  
from the t e s t  r e s u l t s   o f   t h r e e   i d e n t i c a l  wing-body  models i n   r e f e rence  1 
and was based on t h e  m a x i m u m  deviation  found between curves faired 
through  the  experimental  points. A t  f l i g h t  Mach numbers  from 0.8 t o  
0.93 and 1.02 to   1 .25 ,   the 'p robable   e r rors  based on the  conventional 
p1ar.-form  wing area are be l ieved   to   be   wi th in  the following limits: 

Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.0004 
CDW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N.001 
cmp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.002 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~0.005 
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Because  the slope of  the drag curve  changes  rapidly near a Mach 
number of 1.0, the emors in drag coeffichnt 8.m Lsrger than i n  the 
foregoing table  and  are of the order given in the fallawing table: 

c- . . . . . . . . . . . . . . . . . . .  .-. . . . . . . . .  .w.m17 
cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.004 

The  variations of total drag coefficient  with  Mach  number  for  the 
models having  the  conventional  plan-fanu w i n g s  (models A, B, and C) and 
far  the  fuselage  with two fins  (ref. 2) are given in figure 4( a) . From 
a comparison of the  results,  it  is  evldent that a Wge reduction in 
QQ was obtained by reducing  the  thickness  ratio of the 9-percent wing 
to 6 percent or by tapering  the  thickness from 9 percent at the fuselage 
center  line  to 3 percent a t  the  wing  tip. The slibsonic drag coefficients 
of models A, B, and C w e r e  approximately the ~eme ug to e Mach number 
of 0.94. 

The variations of with H for the  mxiels  vith the composite 
plan-form wings in  figure 4(b) s l s o  show that decreasing  the  thickness 
ratio of model D efther uniformly along  the  semispan or by tapering the 
thickness toward the w i n g  tip  reduced  the total drag coefficient at 
supersonic  speeds. Although subsonic data were not obtained for m o d e l  F, 
it is believed  that  the  subsonic drag from model F was about the  same 
as that obtained from models D and E since all the composite plan-form 
wings had  the same wine; area. 

The total drag coefficients  in  figure 4(c) are based on the totel 
plan-form area of the conventional w i n g  in order to shm the effect on 
the total drag force of modifying the  conventional  plan-folm  wing  to 
the  composite  plan-form wing. F r o m  e comparison of the variations of 
QQ w i t h  M, the results show that the  plan-form  madification of the 
9-percent  wing  (models A to D) reduced  the total drag above M = 1.07. 
A emall increase  in drag, however, was obtained f x x u  the plan-form 
modification of the 6-percent-th1ck w i n g  (models C to F) and the wing 
tapered i n  thickness f r o m  9 percent to 3 percent  (models B to E). 

Figure 3 shans  the  variations  of  wing-plus-interference drag 
coefficient (based on the expeed plan-form area of each v w )  with 
Mach  nwnber for all the wings tested.. Since the aspect ratios of the 
conventional end composite  plan-form wings were not the aame and their 
plan  forms  were  different, no d i r e c t  comparison  hetween  their uing drag 
coefficients WRS made. .The  drag-rise Mach n-rs of all the  .wings 

. 

I .  

I 

I 

I 
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t es ted   var ied  from 0.94 t o  0.96 and  did  not show any  consis tent   t rends 
wi th   th ickness   ra t io .  

The values   of   the   pressure  drag  coeff ic ient   in  figure 6 were e s t i -  
mated from figure 5 by subt rac t ing   f rom  the   coef f ic ien ts  of  the  super- 
s,crnic wing drag a f r i c t i o n   d r a g   c o e f f i c i e n t  of 0.004, which was obtained 
from the  average  values  of Cm of a l l  the  wings tested a t  subsonic 
Mach numbers. In plott ing  the  drag  parameter  for  the  composite  wings,  
the  thickness   ra t ios   corresponding  to   those  of  The conventional  wings 
were used  s ince  the  thickness   dis t r ibut ion of the  s loping  surfaces  were 
unaltered by the  modif icat ion.  The wing-plus-interference  pressure 
drag  coefficients  of  each  plan form inves t iga ted  are shown in   f i gu re  6 
to   vary  approximately  l inear ly   with  the square of  the mem thickness 
r a t i o  a t  Mach numbers of 1.05, 1.15, and 1.25 except  for  the  9-percent- 
thick  conventional  wing at M = 1.05 snd M = 1.15. A comparison of 
t h e  f l ight   data   with  wind-tunnel  data from reference 3 for t he  conven- 
tional  plan-form  wing  alone  and  with  unpublished  wind-tunnel  data  for 
t h e  composite  plan-forn  Xing  alone i n  figure 6 shows t h a t  Cmp obtained 
for wings  with  interference  f rom  f l ight  tests was of  the  sane order as 
tha t   ob ta ined  from the  tunnel tests of t he  wings  alone. 

Figure 7 shows the  wing-plus-interference  pressure drag coe f f i c i en t s  
for  the  conventional and composite  wings  based on the  conventional wing 
a rea  and plotted  against   the  conventional-wing m e a n  th ickness   ra t ios .  
If the  pressure on the wings w a s  unal tered by the  modification,  the 
pressure  drag  coeff ic ients  would not  change if p l o t t e d   i n   t h i s  manner. 
For the  Mach numbers g rea t e r  than 1.05 and f o r  ;he 6-percent  and 9- t o  
3-percent  tapered-in-thickness  wings,  the  modification  does  not  change 
the  wing pressure  drag. For the  9-percent-thick  wings, however, the  
modification  reduces Cmp considerably a t  Mach numbers above 1.05 so 
t h a t  a l a r g e   p s r t  of t h e   b e n e f i c i a l   e f f e c t  of the  modif icat ion shown 
i n  f igure  4( c)  was to   a l l ev ia t e   t he   un favorab le   d rag   cha rac t e r i s t i c s  
of the  9-percent-thick wing. The benef ic ia l   e f r ' ec t   tha t   the   mgdi f ica-  
tion  caused on the  9-percent-thick  wing may be due t o  favorable  wing- 
body in te r fe rence   and   to  an improvement i n  t he  wing drag cha rac t e r i s t i c s .  

The va r i a t ions  of the  pressure-drag  thickness-ratio  parameter 
C ~ p / 1 0 0 ( t ~ ) 2  with Mach number i n  figure 8 f o r  the  wings  tested were 
obtained  from  the  slopes of  s t r a i g h t  l i n e s  drawn between  the experi- 
mental  points i n  figure 6. The curves  apply t o  the  lower  thickness 
r a t i o s  i n  the  order  of 6 percent   because  of   the  nonl inearf t ies   of   the  
9-percent  wings. A comparison  between  these c u x e s  shows t h a t  the  
values  of  the  pressure-drag  thickness-ratio  parameter of  the  conventional 
p lan- fom wing were greater than  the  values  of ';he parameter  obtained 
from the  composite  plan-form  wing  above M = 1.04 when the   parane ter  
for both  wings i s  based on the  conventional  wing (G) . When the  drag 



coef f ic ien t  of the composite w i n g  is bssed on the exposed &rea of the 
conventional w i n g ,  ES was shuwn i n  figure 7, the curve for the composite 
wing  would be approximately  the a s  the  curve shwn in figure 8 for 
the conventional w i n g .  

Figure 8 d a o  shows a comparison  between the experiPental VarfatiOn6 
of ~ p / l ~ ( ~ ) 2  for the conventional plan-forol w i n g  w i t h  interference 
and the t heo re t i ca l   va r i a t ions  of the parameter 86 d e t e d n e d  from the 
method descr ibed  in   reference 4. The theoretfcal wrist ions of t h e  
parameter w e r e  calculated from a generalizatfon of tb linear source- 
sink method f o r  sweptback, tapered w i n g s  using a 10-elope a i r f o i l  contour 
to approximate the  65A-eeries @Irfoils used herein. Good agreement 
between experiment and theory was obtained for the cmvent ioaa l   v ing  
from a range of Mach.numbers of 1.0 to 1.30. From M = 1-30 to 
M = 1. b, where the Mach number l i n e  i a  very near the leadfng edge of 
the wing, the theo re t i ca l  values of, t h e  p-*r increaee rapidly and 
cannot be used to pred ic t  the pressure-drag th%ckneas-ratio pRmmeter 
of the wing. More experimentation is required, hmever, before the 
theory can be f i l l y  substant ia ted.  

c o ~ . m I o I p s  

The effects of  wing-thickneee-ratio variation on t h e   z e r o - l i f t  drag 
of a conventional 450 sweptback  wing plan form and a colapposite plan-form 
wing that was derived from the conventional plan-form w i n g ,  mounted on 
a fuselage of f ineness  r a t i o  Lo, have  been determined by tests of rocket- 
propelled model6 i n  free f l i g h t .  The tests covered a Mach number range 
varyfng from 0.8 to 1.40 at  corresponding Reynolds numbers of 3.9 X 1.06 
t o  8.3 x 106 based on the  mem aerodynamic chord of the conventional. 
wing. The fo l loAng   conc~us ions   ve re  made: 

1. The wing-plus-interference pressure drag coe f f i c i en t  of both 
plan forms b s b d  varied spproximately linearly w i t h  the squsre of t h e  
mean thickness ratio (based on the root-mean-squan r a t i o s  o f  the con- 
vent ional  plan-form winga) for a range of bLach nmbers from 1.05 t o  
1.25 and f o r  the laver thicknee8  ra t ios  on the order of 6 percent. 

2. The t o t a l  drag of the configuration ha- the  9-percent-thick 
conventional  plan-fonn  wing w m  reduced by dif;ving the plan f o m  to 
that of the composite  wing for Mach numbers above 1.07. A snrall increase 
in the total drag uaB observed vhen the 8- plan-form aodificstion WEB 
applied to the  configurations haw t he  6-percent-thick wings and the 
tapered 9- t o  3-percent-thick wings. 

. 

I 

. 
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3. The experimental   parameter   for   the  pressure-drag  thickness   ra t io  
of a wing  with  interference  for  the  conventional  plan-form  wing showed 
good agreement  with a theoret ical   f i rs t -order   approximation,   calculated 
by means of a generalfzat ion of the   l inear   source-s ink   so lu t ion  of the  
wing pressure  drag,   in  a range of Mach numbers from 1.0 to 1.3. Between 
Mach numbers of 1.3 and 1.4, the  theory  rapidly  dlverged from the experi-  
mental   values.   Further  experimentation is required t o   s u b s t a n t i a t e   t h e  
theory. 

Langley  Aeronautical  Laboratory 
National  Advisory Committee for   Aeronaut ics  

Langley  Field, Va .  
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TABLE I 

F ' U S E T A ~  COORDIMTEB.. . . 

x ,  
in. in. 
r, 

0 0 
.4 

2.347 66.7 
2.474 64.0 
2.661 60 .O 
2 -849 56 .o 
3 -037 52 .o 
3-219 48 .O 
3-34 44.0 
3- 334 40 .O 
3.314 36.0 
3-250 32 .o 
3.146 28 .o 
2-993 24 .O 
2.772 20 -0 
2.472 16 .o 
2.074 I 2  .o 
1.577 8 .o 
1.290 6.0 
.964 4.0 
378 2 .o 

-342 1.0 
.238 .6 
.i65 

Hose radius: o -040 in. 
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x/c 

(percent)  

0 
- 5  
.75 

1.25 
2.5 
5.0 
7.5 

10 .o 
15.0 
20 .o 
25 .o 
30 .O 
35 *o 
40 .O 
45.0 
50.0 
55 *O 
60 .O 
65 .o 

80.0 
85 .o 
90 .O 
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Leading-edge radius: 0.229 percent c 
bailing-edge radius: 0 .Ol4 percent c 
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TABLF: IV 

COORDINATES OF THE NACA 65AOO3 AIRFOIL 
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Leading-edge radius: 0.057 Percent c 
Trailing-edge radius: 0.0068 percent c 
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(b) Models with cmpoaite plan-form whg. 

Figure 1.- Concluded. 
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( h )  Model with composite plan-form wing. T 
Flgure 2.- Concluded. L-71703 e 2  
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Flgure 3.- V a r h t l o n  of Beynolda nmber w i t h  Mach number for models tceted. 

R ie based on the maen aerodyaamic chord of conventional plan-form wing. 
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L s o d y p / u s  f w o f t n s ( r e f z )  
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(a) Models with conventional plan-form wing. C D ~  is based on S, of 

conventional wing. 

I .  0 1.1 
M 

(b) Models with composite plan-form wing. C- is 
based on % of composite wing. 

Figure 4.- Variations of total configuration drag coefficients with Mach 
number showing the  effect of wing th ickness  on the zero-lift drag of 
models tested. 
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Figure 5.- Variations of wing-plus-interference drag coefficients  with 
Mach number f o r  the  conventional  and composite wings of various 
thickness ratios. C ~ J  ic, baaed on the  exposed wing plan-fonn area 
of each wing teated. 
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Figure 6.- Varbtions of ~ E B B U I W  drag C o e f f i c i e n t B  of cmventlonal and 
ccanpasite plan-fanu wings with the aquare of the man t h i c h n e ~ ~  ratio 
at Mach numbers.of 1.05, 1.15, and 1.25. The value of . (tT)2 I s  
based on the conventional plan-form uinga snd CD is based on ~e 

expoeed w i n g  area of each w i n g  tested. 
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